The aim of this work was to determine the impact of high selenium intake on pregnant ewes considering the number of leukocytes and the representation of T cell subsets in the blood of newborn lambs. An experiment was conducted on nineteen sucking newborn lambs of the Sumava sheep breed. The ewes were divided into three groups of five animals: control C (without Se supplementation), experimental E1 (sodium selenite supplementation, Se content 160 μg.kg -1 DM) and E2 (Chlorella as a carrier for selenium, Se content 160 μg.kg -1 DM). After birth blood samples were taken from lambs on days 1, 3, 10, 30 and 60. The WBC count and proportion of lymphocytes in blood smear were detected by microscopic analysis, and the CD4 + and CD8 + T cell subsets in blood were detected by flow cytometry. The differences determined were not statistically significant due to high variabilities within the groups. In lambs whose mothers were supplemented with selenium bound to the alga of the genus Chlorella a statistically significant increase in the proportion of both subsets of T lymphocytes was proved. The results document a tendency to a lower level of the selected parameters of immunity in lambs without Se supplementation.
INTRODUCTION
Many studies have documented that an adequate intake of selenium is an essential factor and can protect the immunity system from oxidative damage (McKenzie et al. 1998 , Vega et al. 2007 . In men supplemented with either low or high doses of selenium, Hawkes and Turek (2001) determined a five percent decrease in the values of the white blood cell count in a group with high selenium intake and a ten percent increase in a group with low selenium intake. Selenium deficiency depresses the activity of cellular (Peretz et al. 1991 ) and humoral immunity (Marsh et al. 1981) and slows down the development of primary lymphoid organs (Marsh et al. 1986 ). Many papers confirmed an improvement in lymphocyte response soon after the application of low selenium doses (Stabel et al. 1990 , Broome et al. 2004 . The presence of selenium in the organism leads to an increase in CD4 + and CD8 + subsets, enhances their specific response to mitogens, and causes a longer survival of CD4 + in patients infected with the human immunodeficiency virus HIV (Kiremidjian-Schumacher et al. 2000 , McKenzie et al. 2002 . In experiments on mice, rats and cattle a negative impact of high doses of sodium selenite on immunity response was proved but no such impact was proved after the application of selenomethionine (Raisbeck et al. 1998 , Yaeger et al. 1998 , Johnson et al. 2000 .
The aim of this work was to determine the impact of high selenium intake on pregnant ewes considering the number of leukocytes and the representation of T cell subsets in the blood of newborn lambs.
MATERIAL AND METHODS
The experiment was conducted on 3 groups of ewes (the Sumava sheep breed) and their nineteen newborn lambs. The ewes were divided into three groups of five animals: control C (without Se supplementation), experimental E1 (sodium selenite supplementation) and E2 (Chlorella as a carrier for selenium). The feed ration formulation per head and day is shown in Table 1 and in papers of Trávníček et al. (2007) . The ewes started to receive a selenium-enriched diet within 24 h of parturition. The average contents of Se in the blood serum of ewes (average of all samples) are as follows: E1 114.2±23.6; E2 103.1±20.3; C 68.6±16.8 µg.l -1 (Trávníček et al. 2007 ). The differences between all groups were significant (P<0.001).
The T cell subsets were detected by flow cytometry. Monoclonal antibodies used in the present study were purchased from Serotec GmbH (Dusseldorf, Germany). MCA2213F and MCA2216F were used for the detection of CD4 + and CD8 + T lymphocytes, respectively. The isotype-matched secondary antibody, (FITC)-labelled anti-mouse IgG2a (Exbio s. r. o., Jílové, Czech Republic, no. 1F-458-C100) was used. Data on ewes were calculated, and described as mean ± standard deviation. Data were statistically analysed by post hoc test (Tukey's test -Statistics 6). The significance was accepted at P<0.05. Table 1 . Average composition of the daily ration per ewe and selenium intake
Group
Control group -C (n = 5) Fig. 1 shows the WBC counts in lambs from group C, E1 and E2. The highest average values of WBC count were determined in both experimental groups E2 (6.99±2.9 × 10 9 l -1 ) and E1 (6.2±2.39 × 10 9 l -1 ). The lowest values were observed in the control group in the 3 rd and 60 th day after birth. These results (apart from 60 th day after birth) show that selenium intake influences the level of leucopoiesis and the immunity in sheep. On the other hand, test group E2 which was given an organic form of selenium, showed a constantly higher number of leukocytes, individually even exceeding the upper limit (Thorp et al. 1991) . The results in Fig. 1 indicate that a statistically insignificant higher level of leukocytes was maintained in the group of lambs from ewes that were given selenium in the organic form, especially in the form of Chlorella. The significance of the intake of the organic form of selenium for its content in milk is pointed out by Kantola and Vartiainen (2001) .
RESULTS AND DISCUSSION
A consistently low level of leukocytes in the group was demonstrated by the findings of McKenzie et al. (1998) , who describe the positive effect of selenium on leukocytes. The difference in the values between the control group and experimental groups is accentuated by the fact that the mean of group C was below the lower limit of normal in that period. 
]
Control group -C (n=5) Experimental group -E1 (n=5) Experimental group -E2 (n=5) Fig. 1 . White blood cell count (WBC) in the blood of lambs (10 9 l -1 ) (differences between groups were not significant) For a major part of the experiment the values of lymphocytes were near the upper limit of physiological normal 50-75% (Thorp et al. 1991) . For the whole period the highest proportion of lymphocytes (Fig. 2) was determined in group E1 (70.53±8.21%), followed by group C (69.89±5.77%) and group E2 (68.92±6.55%).
As documented in Fig. 2 , the highest fluctuations of values were observed in group E1. This increase could be caused by the presence of lymphocytes in colostrum. David et al. (2003) and Tizard (2004) reported the content of lymphocytes in cow colostrum at the level of 1 × 10 6 l -1 . These lymphocytes may survive in the intestine for more than 36 hours and may penetrate the intestine wall through the epithelium of Payer's plaques into mesenteric lymph nodes (Williams 1993) . Adult animals have a higher concentration of T lymphocytes than the younger ones (Faldyna et al. 1999) . Control group -C (n=5) Experimental group -E1 (n=5) Experimental group -E2 (n=5) Fig. 2 . Percentage of lymphocytes in the blood of lambs (%) (differences between groups were not significant) A subsequent pattern of dynamics is consistent with the results of Cigel et al. (2003) . Normal readings for the proportions of CD4 + and CD8 + subsets of T lymphocytes (Figs 3 and 4) were published by Thorp et al. (1991) and Smith et al. (1994) in this range: CD4 + 8-22%, CD8 + 4-22%. The values of their ratio in newborn individuals should be higher than in adult animals -above 2.0 (Yuben et al. 2000) . The highest levels of CD4 + percentage (Fig. 3) were determined in all groups without differences on day 30. Levels of CD4 + percentage decreased in all groups 60 days after birth, which was significant only in group E2. In all groups there was an increase in the values between day 10 and 30 followed by a decrease between day 30 and 60 after birth. On day 30 after birth group E1 reached twice higher values than the normal given by Thorp et al. (1991) . A transitory increase of T lymphocytes counts is reported after colostrum administration because colostrum has a high amount of lymphocytes (1 × 10 6 .ml -1 ), half of which are T lymphocytes (David et al. 2003 , Tizard 2004 .
As in the preceding subset, group E1 reached the highest values of the percentage of CD8 + T lymphocytes (13.68±5.57%) (the average from all samples), followed by group E2 with the value lower by 13.7% (11.81±6.74%) and group C lower by 19.0% (11.09±4.32%). The differences were not statistically significant.
The dynamics of CD8 + percentage had a similar pattern as in the preceding subset of T lymphocytes (CD4 + ). The only difference was that the mean values were within the physiological normal given by Smith et al. (1994) for the whole experiment. The highest, and at the same time significant (P<0.05) increase by 58.6% was recorded in group E2, which was supplemented selenium organically bound to the alga of the genus Chlorella. These results support Beck's (1999) conclusion about the stabilization effect of selenium. As shown by the results of the proportions of both subsets, statistically significant differences were consistently recorded in group E2 only. The reason for this significance only in group E2 may be the more efficient absorption of organically bound selenium, which has been discussed in many papers (Koenig et al. 1997 , Boldižárová et al. 2005 .
The ratio of both subsets CD4 + /CD8 + (Fig. 5 ) showed similar values in the range from 2.0 to 3.2 in all groups. Values higher than 1.0 are considered as a physiological normal (YakoubAgha et al. 2007) , and so it is not possible to eliminate a disorder in specific cell-mediated immunity. This situation is in agreement with the literature; see data of Tizard (2004) . No statistically significant differences were found for any of the parameters investigated in either experimental group. However, the group doped with selenium bonded in the Chlorella algae exhibited a better stability of the values during the entire time of the experiment, as well as a better reactivity of the two T-lymphocyte subpopulations, which was statistically conclusive in this group only. The results document a tendency to a lower level of the selected parameters of immunity in lambs without Se supplementation.
